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“Vz av .
&T = (-a

av av A av avx *

aY
a&Ii + (=x -$lj + (2 - aT>k (3.35)

2 2 'a2fdiv (gradf) = V2f = af +a +-
ax2 ay2 az2

V2f = 0

, 1. ?.?f = div.grad f' =

2. ?x ?f = curl grad f = 0

3. G. (? XT) = div curl7 = 0

4. 7 x (G XT) = curl curlT = G(?.  P) - V%

5.7 . (fT) = f(? . 7) +P . (?f)

6. ? x (f7) = f(? x7) -7 x (?f)



,
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10. ? . (if x ?g) = 0

tihmw~?n~m~R~&  (conservative vector field)
I

darmrm3tp

~3nrPisA:Gqu  (irrotational vector)

(3.36)
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dl_ 1
=

hl dql (3.38)

dL2 = h2 dq2 (3.39)

d13  = h3dq3 (3.40)



dr = ddl  da, da3

J = hlh2h3

ax.
J.. = 2

1  .

i, j = 1, 2, 3,

&~tiiu~nsuau  dr = J dq, dq2 dq3 (3.42)

dP  = dt,;,  + d.!+,  + d.S,,



1 2 3

A fi A

= h,dq,U.,  +  h2dq2vl  +  h3dq3y (3.43)

(df12  = (de, )’ + (d.t2)2  + (dt3)2

= h;dq; + h;dq; + h$q; (3.44)

(dL)2 = rJx2 + dy2 + dz2 = X3  dx;
i c l

(3.45)

(dL>’
2

= Q,, dq,  + Q22 dq; + Q3ps;

+  2Q.,2  dqdq2 +  2Q,3dq,dq3

+ 2 423  dq2dq3

.
(3.47)

do Q.. =

a x  ax.+i?Y 2Y  +azaz
13 aqi  as.

J
aqi a4j Wiaqj
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16 Qi.  = hi
3

i=j = 1, 2, 3

ij! j

hi =
i

)’ + (g )’ +
i

(3.48)

af
at, 9

x af
aL2 9 at3

?f =
af * af .. af A
aL, u1 +x2 '1 +x3 - w1 (3.49)

t
(3.50)

~7 = la * la A
-$&,

-_ v +-"1 + h2 aq2 1
(3.51)
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1?.A = -
hlh2h3

‘5,  (Alh2h3>  -+ a(Ahh)aq2  2 1 3

+ -&-
3

(A3hlh2) I (3.53) -

Y

n1 i<q
‘8’

f(q, , 92’ q3) na6b

A = v f (3.54)

Liht%JI115  (3.50) llt3:Wll5  (3.52) il&

A, = L2f
hl aql

A2 = 1ti
h2 aq2



+a $2)
aq3 3

- E31 ] (3.551'

.

A

hlU1

-e a
1

?xA = -
hlh2h3

9

hlA1

1

h2v1

a
-5

h2A2

1

= G3[k2 (h3A3)  -s3(h2A3)  j ;11

F

5"l

-.ck
aq3

h3A3

+ h;h3[&3(hiA,)  - i$ ch3A3)  ] '1

+ +i2 [QZAZ)  - k2 (h,A&
(3.56)

c
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n. w’fibm.an5:uan

X

$ 3 .15
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x = r case

Y = r sine

z = 2

r2 = x2 + y2

9 = tan-'Y-
X

(3.57)

lcAA *rr + 22 (3.58)

dt= . ndrr + rdee  + zi (3.59)

L@: ldx\  =  [Cdr)2  + (I-&)~  +  (dz)2] ’

tdwiwfm  ( 3 . 4 3 )  fhun75  (3.59)  ;J:IFY

he = r ht = 1



Gf = af .. 1 af * af L,
Tr  r + race+  zz

aA aA
:.A = $ k (rAr) + i _e + $

ae

02f = 4 *r(rg) + 1 a2f + 5
r2 ae2

(3.62)

(3.63)
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A *
r e

a a
al- ae

Ar '43

,.
z

L
aZ

AZ

(3.64)

x =

Y =

Z =

f2 =

9 =

cp =

r sine co*

rsinesirkp

r cosa

(x2 + y2
‘L

+ z2)’

cos-’ (9

tan-’ Ji
X

(3.64) .

r>O; o_<e  <n;  0-c cp ( 2%



1 3 1

- Y



1 3 2

dx=  .. *drr + IX&O + r sin& ( 3 . 6 6 )

UC [dt12 = , [(dr)2 + r2(de)2  + r2sin2  (dv)2] 4

tdflwmis  (3.66) fbmm75

hr = 1,

$ 3.17

X/

dr = r2sinedx-de&

he =

z

(3.43) If-Y

I-9 h = r sine
Q

(3.67)



G = ^a
I-  zi-

+;EL. +yj-  a
r ae rsme  acp

(3.68)

G . i = L a (r2Ar)
jr2 ar

+ y&z&,  fe(sirB$)  + Ae 2 (3.69)

V2f  = t a (r2 af
r2 ar 51 ++ (sine

r sine
!gE)+L&

r2sineacp2

,.
r G r sin9;

-b

?xA =
2'r sink3

a
ar

a
ae

a
acp

‘43 rsinel\

(3.70)

(3.71)



: A. .
p2 .e

lilll
vi=1  ’

diti=  /
p1 -0

A.d2  = -1 A . d% (3.72)

p1 -p2



rA.& = (Axdx  +
%

dy
c

(line integral) ny7 2

*
+ Azk

+ dzi

i

+ dzdz)

‘2, p2

/ A.dz = / ($I > . d

p1 p1

= I (Efax dx+ %.dy+ $$dz)

p1

p2+
J A.& = cp(P2) - cp(P,) (3.74)

p1



d;:  = dx.: + dy.; + dz.l;

-b
F . d: = (x2 - y)dx  + (y2 - z)dy  + (z2 - x)dz

mhlTn~ ; = w = J(x2 - y)d&  + (y2 - z>dy  + (z2 - x)dz

ih&l  x M% y l&z  “no O_<xL.l, O>Yll, O_<Z(l

1

fi$l.l w = / 3(x2 - x)dx.

0

= --
1
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p17m7JL~uiuI~u~RyJ  x = t, y = t2,z= t3wlU75"G  t tilu

wwibaE);  hii dx = dt, dy = 2tdt, dz = 3t2dt ;odtLl

FlGl

1

w =
/ ct2  - t2)dt  + (t4 - t3)2tdt  + (8 - t)3t2dt
0

1

=
I (3t8 + 2t= - 2t4 - 3t3)dt

0
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F = qE = q . E:

; =

,. A

RcoSi + R si.rBj

0

w =
I

(qE;).(-R  sireds~  + R coSd$ t
\

0

= - / qER  simds
11

conservative field

/-F . d;:



3.11 q~t?~;~9u~~~r~1~~~em~Tnr?o;r~up;  (Divergence and the

divergence theorem)

%I
av av

div; = ?.T =K'  +# aVZ
+z
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2Y ap!
‘% + ay .dyjdxdz  - $dxdz = ay . dxdydz

as
9 +-ii-- .dz )dxdy  - Qzdxdy

aQz= a~. dxdydz

+ 2 )dxdydz

E!d 2.!Y‘C$  +  ay .  dy)dxdz - Oydxdz =  ay . d x d y d z

a%(Qz+az- a%
dz >dxdy - Qzdxdy  = a~ .dxdydz

“Aluili;“ti~” x ,  y ,  z  ?n  7 fLlJ;aml5

= ag+ zY+$?
ax w

= ?.a
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$ 3 . 2 0

(3.76)
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(3.77)

. Ads

?.A = ax +a +az = 3
ax ay az

= 3nr2h



= h . nr2

I Y I -.

M"w'?nmn~.~  ii' = -k, A . ii ,= -.z - 0

LEA:: A.ii = 2&-Y! = P = r
r r

lb-A.iids = r ds
f

= r (idij33~m5~n5:u~n)

= r (2nrh)
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E = -AL.;
2 r (3.78)

4xer

( e ~D~1Fl~rFIIirnndnr~:lu~?n7*  l/4  IIE = 9 x 109  Mlml

M.K.S.)

electric displacement 8 nhun 3 = rB P;;&

jj = A-.;
4ar2 r

(3.79)
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Wl’GL’ 3 . 21 tlf3:~Nnl5  (3.79),  ( 3 . 8 0 )  di

8 . ndS =

=

=

D case  dS

W A r

1 . r’dn
4x2

1
4r q dn (3.81)

&anf&h.h  ‘li D’ rib electric displacement

s,tm”

f
a.;;dS  = -c

i f
Di . iidS = lqi
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av
curl;= ;xT =(--z "3 . avx aVZ + (aA _ avx

ay 1 - az 11 + (&- - gy 11 ax ay'k



,

+
l!

+a.
‘5

I
+

E
tu

.
‘25II

t
f
;x

+
cx

t
*Fc-7

‘A+D+sI

‘3tf+II

+
Tx+z!x+D

t
3cu

tsX+P
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4’A . dj?
C



dy LM.::  dz nL;p  3 .33

mlaJllu7MlJLh 12 ,;
%

dy

“*Z~IULLU?MIJL~U  23 ; (AZ +-
aY

dy  )dz

IrllwmllJL%J  3 4 dz ldy
.

~IULLU~IJLS~U  4 1  ;  -AZdz,

* -,
(A . dt),234  = ( ayaAZ - >jdydz (3.82)



G xzx . iix . dSx 2 ldydz (3.84)

LihJLl~Unl5  ( 3 . 8 2 )  t-hUnl5  ( 3 . 8 4 )  6i;;l

= (? x i)x  . iix  dSx

m -
C (A . d$li  = i 1

i=l
6 x ax .

i=l
;ipSx +  6 x  i,

Y
. ii  dS

Y Y

+ (? x A)z .  zZdSZ ‘i (3.85)
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4- /
-B  -B

A.di? = (v x A) . iidS (3.86)

C S

2x
H.dr = Ir 1H rde , (3.86)

C 0
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3 1-IH I-. 2x

= I



1 5 4



P2 = a2

ax2
+ a2

w2
+a2

az2

.aA aA aA aA,  :
a$)i  + (a+  - a~ >J+ tax -YY

x = r case , y = r sine LLnZ z =  z

* a3 =rz+i+k * a
+z-az
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X = r sine

= L
r

A ,. *

r e Z

a a a
ar ae az

co*  , y = r sine sincp  , z = r case

Gf af - 1 af A ^
=  Gr++aTe  + 1 cc9rsine acp

Gx&ar2z (r2Ar) + r&e  se (sine A, > + kne 2

V2f = 1 a (r2 af
r2  ar G) + --I-

r2sine
T& (sine $$) + 1%

r’sine  aq



a
ae

L

r sirfhp

a
acp

r sine A,

J ; . d-z = 'A+  + A dy + Azdz >

P i. de= I (?  x  A )  .  ;ds

C S

. I -
1. n%nm'l~ i = 2i+g+3k, B = i - 41; LLO:: C = &j+&

d-P -..
I

-P -n +
;YJMlRl (A + B)  . C ita::  A + B + C I
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2.

3.

4.

5.

6.

7.

8 .

9.
-b 4 + - -a e+ -B

W@I& (i x f;,.  (C x D) = (A . &B . D) - (A . D)(B . C)



. . .

.
N

.I.

VG

-v
g

t .k.,aX

t 
D.a

t
a4

.C

II
+

.
\D

$
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18. I;‘l  cp = 2xyz2,
*

F =  xy; - zj + x2k LlR  :: c 1l.h

G.l~n;  x = t2,  y = 2t,  z = t3wfl  t = 0 Z.3  t = 1

w&lih5~~?UL~UYJD\1

n.
I

cp  d; a.

C CI-
wt&ut?ntm

. ,. A
19. A = zi - 2xj  + yk ‘luiKh5~n5:mnt~,::

wmd, Ar, s LM:: AZ

' !-

+
F . ;Ids

. . 1
20. sm-m L&I F = 4-i  - y2j  + yzk

S


